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Cloned mammalian neutral sphingomyelinase: 
Functions in sphingolipid signaling? 



WlUIELM STOFFEL 



A US TRACr Spliltigom^clin Is an abundant conslUucnt of 
tli« plnsnin nicmbrnnts of mainmaliaQ cells. Ccramldc, lU 
prininry cntobollc InUrpiodUte, is released fay cUUer add 
spbingomycltnnsc orneulral sphingomyelinase (nSMasc) and 
hns emerged as s poCenllat lipid signaling molecule. nSMase 
Is regarded ns a key enzyme In Ihe rcgulaleil octWatlon of the 
"sphingfiniyclin cycSe^* nad cell signaling. We report here (he 
cloning, idcnlincndon, and functional charoclcrlzallon ot 
murine and liumnn nSMase^'tTDblqullousty expressed Integral 
mcmbrnne prnlcfn, uhidi flisplnys oil established properties 
ur llic Mf'^'^-dcpciident nSMase of the plasma membrane. 
Sinbty nSMn5c-ovcrcxpnc$slng U937 and human embryonic 
kidney cell lines hnvc been generated Tor the study or the role 
of nSMose in signal IraniducUon pathways. Their stimulation 
by tumor necrosis factor or leads only to a ntoderatcly elevated 
ccminldc concentration. Activation of Jun kinase and NFkB 
and paly(ADP-ribose) polymerase cleavage are identical In 
mock- and nSMase-traotfeded cells. Tumor necrosis factor a 
triggers tlic ERRl patt»»»y In none of the cell lines, llic cloned 
nSMase will facilitate further controlled eaperlments aiming 
at the definition of a possible role of ceramlde as signal 
transduction molecule. 



Sphingomyelin is nn abundant constituent In the outer leaflet 
of the lipid btlaycr of platma membranes of all mammalian 
cells (i). In addition, lh& catabolic metabolism of sphingomy- 
elin generates several lipid Intermediates with potential second 
messenger functions, e.g., ccramldes (2), sphiiigosinc (ftwf^ 
.T^-spliingcHine) (3), Rphlngosine 1-phosphate (4). Only inter- 
mediates with ihedesatuffatedsphlngenine long chain base, the 
double bond of whtcli Is Introduced at the ceramlde level 
during btosynthesut. arc potential lipid signal molecules. Two 
sphingomyelhiascs (SMafee; sphlngomycltn phosphodlesterftse, 
EC 3J.4.I2), the lysosomat acid sphingomyelinase (aSMasc) 
(5, 6) and the plasma membrane -bound neutral spliingomy- 
clinase (nSMase) (7), determine the major route of sphingo- 
myelin degradation in a pbospholipasc C-like hydrolysis reac- 
tion, yielding ceramides ind phosphocholine. Activation of the 
"sphingomyelin pathway'* by acidic and/or neutral SMase in 



several normal and myeloid cell Uncs lias been desalbcd to 
increase (he production of cdrtmldcs, which subsequently 
trigger signaling palhwiys le«dH% (o either cell proliferation 
ond differentia lion or to apoptdab (2, 8). Whereas the aSMase 
is a well, characterized enzyme, nSMase hns remained elusive 
despite several purification allempls (9-11). Tlic molccutar 
characterization of this ciizyme Is a prere(|ui$ite for under- 
standing the rote of ceramidc In celtular lignal transduction 
processes mediating the respottse lo agonisis like tumor ne- 
crosis factor o (TNF-a), inlerleukln inlcrferon-7, ^nd 
la,2S-diiiydraxyvitamin Dj. pKvious studies addressing tliis 
question had to either rely on tlic external adminislr&lion of 
membrane-pernicabie ceramide analogues with their potential 
membrane-toxic side effects or had to use bacicrtal SMases. 
which lack the regulatory features of their mammalian couiv 
terparts. Moreover, the bacterial SMases are soluble enzymes 
and arc likely to gcncrnlc ceramidc in other subcellular 
compartntenls than the one accessed by the plasma mem- 
brane-bound mammatiau nSMase. 

Here, we describe the cloning, identification, and functional 
characlcrizalion of mouse and human nSMase. Myeloid leu- 
kemia celt line U937 was transfectcd with the nSMases. Stably 
ovcrcxprcssing clones were t(i{>gered with TNF-a for the study 
of (lie activation of the kinases JNK2 and ERKl and the 
transcription factor NF-kD as well as apoptosis. No signin- 
cantiy different responses of aiock- and nSMase-transfected 
cells w/crc observed. 

MATERIALS AND NUTTHODS FNI 

MouS£ and Human nSMnac cUNA. Complete mouse and 
human cDNAs urerc assembled from mouse (accession num- 
bers AA028477 and AA0139I2) and human EST clones (ac- 
cession numbers W32352 and AA056024), respectively. 
cDNAs were cloned into the ik»ft|/Nofl sites of the multiple W 
cloning site of the eukaryotic expression vector pRc/CMV 
(Stratagene). Tl«ir nucleolide sequences were verified by 
DNA sequencing with a Perkln-Elmer automatic DNA se- 
qucnctT model 377A. 

Preparation of Poly(A) ^ RNA. Total RNA was isolated from 
different organs of eight 3-waek-old COl mice, and poly(A)'*^ 
RNA was Isolated by offtaity purification on oligo(dT)- 
cellutose according to the manufacturer*! protocol (Boehr- 
ingcr Mannheim). 



Cell Culture and Stable Transfection, . Human embryonic / 
kidney 293 (HEK293) cells were grown in DMEM medium 
supplemented wilh 10% FCS» \f ni|7ml penidllin/streptomy' Ir 
cin. and 1 mM sodium pyruvitle. U9J7 cells were grown in ' 
RPMI 1640 ined'tutn supplemented with 10% FCS, ifl {^ve\ \ < 
pcnicillin/strcplomycin» and 0.03% glulamine at 37^ under 
5% CO2. 5 X 10^ cells were Iratisfeded wUh 1 of linearized 
piasmid DNA by clcctroporation in a gene pulser (Blo-Rad). 
Si able clones were selecicd under 1 mg/ml Genettcin (0418, 
Ufc Technologies, Gailtiersburg, MD). 

Measuremenl of nSMase Activity. Eniymaltc activity was 
dclcrtnincd \\\ cells nnd murine (issufrCclts were washed twice 
wilh icc-cold PDS aiul scdtmented al 1,000 X g. The cell 
sedimciu was rcsuspcndcd in lysis buffer (50 mM Tris'Ha, pH 
' Qjtp 7.4/5 mM DTT/1 x ^mplcte witlwul EDTA (prolcasc 
inhibitor set, Boehringer Mannheim]/5 mM EGTA/2 mM 
EDTA) and disrupted by repeated freezing and thawing. The 
lysate was centrifuged for 2 min at 2,500 x ^. Sediments were 
extracted wilh lysis buffer (0^% Triton X-100) and cenui- 
fuged for 15 min at 100,000 X g. Variable amounts of protein 
or homogenized tissues were incubated with 10 nM (80,000 
dpm) IN-^CHjJsphingomyclin ior 30 min at 37*C in a totai 
volume of 200 Then 100 of double distilled HiO was 
added, and unreacted substrate was removed by extraction 
wilh CHOi/CHjOH (2:^(v Urn radioactivity of the aqueous 
upper phase containing the ensymatically released phospho- 
choline was measured in a liquid scintillation counter. 

Tissues of 3-weelc-old mice were homogenized in cold lysis 
buffer (0-32 M sucfOsc/5 mM DTT/50 mM Tris-IICI, pH 
7.4/1 X /omplclc/5 mM EDTA) and directly subjected to 
nSMase activity measurement 

Generation of Polyclonal Antibodies. Rabbit anti-nSMase 
antibodies raised against the synthetic peptide NH:t* 
CDPHSDKPFSDHE-COOH resembling residues 261^273 of 
/ ^ murine nSMase coupled to keyhole limpet/were purified by 
a-***xi diromatography on ceramic bydroxyapalite (Dio-Rad) and 
"3 ' affinity chromaiography on ethyl aminohexyl-Sepharose 
(Pliarmacia) covalently linked to the synthetic peptide antigen. 
Protein concentration was determined by the Bradford pro- 
cedure witi\ BSA as standard. 
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Metabolic LabeUng. Mock-Uansfccled and nSMasc- ! 
ovcrcx pressing U937 cells (5 X 10^) were mctabollcatly labeled t 
with 2 ftCi/ml l-['^C)aceUlc (specific activity, 54 ma/inmol. 
Amersham Buchlcr, Bra(|nichwctg» Germany) for 48 I) in 
medium containing 10% fqUl bovine scrum. After sUmulalion 
with TNF-a cells were tediraented by centrifugalion and 
washed once with FBS, an! loUl lipids were extracted accord- 
ing to the established metftod (12). Samples containing equal 
amounts of radioactivity wtre spotted on two different 20-cm 
silica gel thin layer chromatography plates. One of the plates 
was developed with chlorttform/melhanol (IS:l|rfor the sep- 
aration of cer&mides and the other one with chloroform/ 
melhanot/water (65:25: f , Cor the separation of total lipid 
extract. The plates were impi|ed simultaneously and quantified 
on a Phosphortmager 44S^S (Molecular Dynamics) l>y using 
iMACEQUATfT software with phosphatidyldiQline as Mm^ inter* 
na! standard. 

AsBtys for JNK2 and EfKKl. 2 X 10^ cells were stimulated 
with TNF-a (6,6 x 10^ ui(ito/mg. kindly provided by BASF- 
Knoll, Germany) for the ifidkaied time intervals, and the 
ERKl (ERKl*Cr, Upsutf Biotechnology) and JNK2 (JNK2- 
FL, Santa Cruz) assays w«re carried out as described by the 
manufacturer. 

Polr(ADP*rlbosc) Poly^Mrase (PARP) Cleavage. 10^ celts 
were exposed to TNF-a/c^dotieximlde (CHX), and assays for 
PARP proteolysis (Boehrfiger Mannheim) were carried out 
following the manufactui^Pa instruaions. Goat anti-rabbit 
IgGl alhal i nA horseradish ^roxidaset«M^ conjugate (Sigma) 
was used to visualize proton bands with SuperSignal substrate 
(Pierce). 



RESULTS 

M Qoalng of the Murine ifi4ii«nan nSMase cDN/C Because 
^ the biochemical puriflcat^n of mammalian nSM&se proved 
difficult (9-11). we used a different approach for the identi- 
fication of this enigmatic aazyme. Several bacteria, among 
them DqcHIus ceretiSt Oo^fridium pafringens, and Leptospira 
imcrrogmts^ are known to qocaain SMases with pH optima and 
ion requirements similar ^ the plasma membrane-associated 
Mg^^ -dependent mammaKan nSMase (reviewed in rcf. 13). 
Wc constructed generalised profiles (14) based on multiple 
sequence atignmenU of lli4ae bacterial SMases, either by using 
i^:^ tlie complete sequences orlw restricting the profile to the most 




highly conserved regions. In both cases, profile searches in the 
protein sequence databases idrntified a single significant 
match in the ORF Yei019w fr m the yeast Sacdtaromyces 
ccrevisiae. By searching the dl^ST database of expressed 
sequence tags we identified sever^ mamraalian sequences with 
high homology to the yeast sequence. Wc confirmed this 
homology by cloning and sequencing of the full-length cDNAs 
assembled from overlapping inouie and human EST se- 
quences, respectively. Subsequent inclusion of the yeast, hu- 
man, and murine sequences into iterative cycles of profile 
construction and database seaiches resulted in significant 
matches with a large family of Mc** -dependent phosphodies- 
terases including cjionuclcasc ifl and deoxyribonuclease I 
from the bacterium Esclieridiia coli. The crystallographtc 
structure of these two nuclease allows the delineation of 
residues important for Mg^* binding and for catalysis (15). As 
indicated in Fig. 1, these residue* are totally conserved in the F1 
bacterial SMases, the yeast ORF, and the mammalian nSMase 
candidates, lending further crcdilality to this newly established 
supcrfamily. Comprehensive phylogenetic distance analysis 
revealed that the bacterial SMases, the yeast ORF Yer019w, 
and the mammalian sequences form a cluster within the 
superfamily, thus suggesting the mammalian clones as good 
candidates for Mg^*-dcpcndent aSMases. 

The murine and human nSMasc candidates show a high 
degree of sequence relalcdncss (Fig. 1). Tlieir ORFs encode 
proteins of 419 residues (mouse, 47.5 kDa) and 423 residues 
(human. 47.6 kDa), respectively. In contrast to the bacterial 
SMases the mammalian cDNA-dcrived amino acid sequences 
contain no signal sequence at their N terminus. The hydrop- 
athy plot suggests two adjacent hydrophobic membrane- . , « 
spanning domains at the C terminus separated by famino add / 
residues. The nSMase candidates thus appear to be integral 
membrane proteins with their eaUtytic domain focing the 
cytosol and only a minor portion of the protein facing the 
extracellular environment. This, too, is in contrast to the 
bacterial SMases that are secreted soluble proteins but in 
accordance with the reported prope. ties of mammatian Mg2+. 
dependent nSMase. The 1.7-kb mRNA of the murine nSMase 
candidate appeared to be ubiquitously expressed as visualized 
by Northern blot hybridization analysis (16). RNA of intestine, 
kidney, brain, liver, heart, and lur^ showed a strong signal, 
whereas the expression in spleen appeared to be tow (Fig. 2). 
The signal intensities of the nSMaae mRNAs in the multltissue 
Northern blot did not parallel theobserved enzymatic acth^iiy 
in the corresponding tissues (Tatfe 1). This indicates a post- T1 
transcriptional regulation of nSIHftte by a so far unknown 
mechanism. No change in expre^n level was observed in 
RNA and enzymatic activity from aSMase-defident mice (17). 



Tne Clonea Fhosphodieslerase Shows All CfaaractcrisUcfi of 
nSMase. For the comprehensive charrclenzaUon of ihe func- 
tions of (he nSMase candidates, wc generated HEK293 cell 
lines stably expressing the murin* nSMase candidate protein. 
Enzymatic assays of membrane extracts showed a strong 
increase of the nSMase activity compared with mock- 
transfected celts. Various cell lints exhibited specific nSMase 
activities between .0.3 and 10 fuaot/mg of prolein/h. The 
expression level of the construct and the spedHc nSMase 
activity measured were closely conelated as visualized by 
reverse transcription-PCR (RT-PCR) (Fig. 3 A and fl and 
Table 2). Western blot analysis, with the peplidc-derivcd 
anliytiSMase antibody, revealed a similar correlation with the /- VC- 
amount of immunoreaclive material (Fig. 3C). ' 

Cell fractionation experiments thonsved the SMase activity to 
be present in the plasma membrane-enriched fraction (2,500 X 
% sedtmcni). Extracts of this fraction were used for the further 
characicrtzaiion of the enzyme. The pH optimum was found 
between 6.5 and 7.S; the value for long chain (C18) 
sphingomyelin amounts to 1.0-1^ X 10"* M. Mg** ions arc 
requirctl. EDTA ;^dditton led to a complete inhibition of 
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SMase activity^ whkii could be reversed tyy the addition of I 
Mn^^ and Mg^* ionii Triton X-100 concentration required for 
optimal enzymatic activity wis between 0.03 and 0.05%. 
Whereas nSMase adUvity was unaffected by treatment with 
DTT or T^mercaptoeihanol, addition of 20 mM glutathione led 
F4 to a complete inhibition (Fig. AA), A 3-fold activation of 
nSMasc activity in the Hl^ cell overcxpression system was 
observed on Ueatmtftt of membrane extracts with OS mM 
arachidonic add (Hg. 4B). A similar activation of Mg'^- 
dependent nSMase lictWtty had previously been observed in 
HL60 cells and bnii bomogeoate, respectively (18, 19). The 
hydrolysis capacity of the doned nSMase is not strictly limited 
to sphtngomycVm; the ttructurally related phosphattdytchoUnc 
was found to be cleaved with approximately 30% efficiency, 
n^i The enzymatic degradation of sphingomyelin follows a kr t c q 
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Fia 2. Exprcssioa of oSMase in mouse tisucs. Northern btot 
. analysis of polyCA)*^ mRNA derived from diffcicni murine Ussues. 
770-bp cequenoe at the S* end of murine cDNA was used as a 
hybHdizaiion probe. The membrane was rchjbrl^zed wi(h a ^-actin 
probe Tor standardizalion. 



phosphodiesterase reactbn. The cloned enzyme does not 
catalyze a phosphochotine or choline transfer from sphingo- 
myelin to diacylglycerol or.phosphaitdic add and vice versa 
from phosphatidylcholine te ceramidc (data not shown). The 
mammalian nSMases contailn a C-termtnal extension relative 
to their bacterial homologties, including the two membrane- 
spanning regions. This cxt^osion, or at least a part of it. Is 
required for enzymatic actKhy. A truncated murine nSMase 
(residues 1-282) in which tthe two putative transmembrane 
domains were deleted did poi show increased SMase activity 
when expressed in HEK293 cells. 



The localization f nSMase in tho plasma membrane and all 
the enzymatic properties described above correspond well to 
those reported for the ncutr«l SMasc in tissues, notably in 
brain. We therefore conclude that the cloned phosphodiester- 
ase is the long sought Mg'^-dependent neutral SMase. 

The Role of nSMase In Signal Transduction. In some celt 
systems, ceramidc is produced by SMase In response to cyto- 

T«ble I. SpeciHc activily of nSMue fn differuit tissues (com 
aSMase-deficicnt mice (a5Affl«"/~) 



Tissue 



Spedflc activity^ nmol 
sphingomyelin/mg protein/h 



Intestine 

Kidney 

Spleen 

Heart 

Lung 

Brain 

Liver 



113 ±27 
1.62: O.l 
\S± 0.2 
4.8 0.1 
\2± 0.1 
582 ±98 
. 2.0 ± 0.5 



XMasf'^' mice were used to avoid ooniaminallon of the enzyme 

assay by aSMasc acliviiy. Results represent mean values ^ \ 

(±SO) derived from three ifulcpcndent measurements. 
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Fig. 3. AruJysia of ftSMi&c expression by Nofthern and Western 
blol hybridtzftiion in different stably tnnsfecied human oeli linet. (A ) 
RT-PCU from total csell RhU with primer pairs hybridizing to boUi 
fiunian and murine nSMaic cDNA. (H) UT-PCR from total ccU RNA 
witU primer pair* flttini to human ^tctin cDNA. <C) Western blot 
anal^ts of plavna loetn^ne protein cxlracls from different HEK293 
r cell lindi separated by tf% SDS-polyaerytamide elect rophorcsl^ it h 
/ $} peptidc^ertved polydo^aJ anli-nSMue anlibody. The •ensiiivity was 
tnsufndcni to detect nSMase protein in cxtrads from U937 cells and 
murine tissues. 

kinc challenge, e.g.. TNF-a (20. 21). intericokin 10 (22, 23). 
and CD95/Fns (24-26). For the activation of llie plasma 
membrane nSMase by TNF-a the protein FAN (factor asso- 
ciated with nSMase) has been proposed to link the nSMasc 
activation domain of the p5S TNF receptor and nSMase and 
to promote proinflammatory cellular responses (27, 2S). We 
studied i\\t influence of nSMase overtxpresston on the re- 
sponse of HEK293 and U937 celU to a challenge with TNF-a. 
Four essential parameters of the postulated aSMasc-mcdiated 
signaling pathways were analyzed as described in the following 
paragraphs: {[) the kinetics of ceramide production; {U) acti- 
vation of NF*icB; (i/0 activation of mitogen-activated protein 
kinases; and (iv) PARP proteolysis, a hallmark of apoptosis. 

(0 In HEK293 cclb prelabeled with l-[>^qpalmttate. the 
amount of ceramide formation on TNF-a stimulation was 
found to be independent of the degree of nSMase expression 
and identical to the l«vel observed in mock-transfected cells. 
Moreover, no increase In NF-icB activation and no apoptotic 
features (PARP dea^e, nudear chromatin fiagmentatton) 
were observed (data not shown). In contraat, in U937 cells 
moderately overexpreaaing tbe^ nSMasc construct the TNF-a* 
triggered ceramide formation was Increased by 25% within the 
first 10 min and rcmaiaod 15-20% above the level at zero time 
5 or in mock-Uansfected cells (Fig. 5A) (12). In these experi- 
ments cellular ceraml44 concentrations were not determined 
by the commonly useddiacylglyocrol kinase assay (29) because 

Tabic 2. Spedfic activity of murine nSMase In alably Iransfecied 
cell lines 



Spcciftc aclh^ity, nmol 
CcU line sphingomyeitft/mg pfoiein/h 



HEK mock'tramfecied 


10.0 




0.5 


HEK weakly expressed ifiMase 


68S 




33 


HEK highly expressed niMase 


9.960 




308 


U937 mock-transfeaed 






0.6 


U937 eiprcssed rtSMase 


93.1 




7.7 



Results represent mean values (±SD) derived from three inckpcn- 
dcni measurements. 
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Fic. 4. Enzymatic properties of murine nSMase. (A) Influence of 
reducing agents on murine nSMue ftc4«lly. loa icqulrcment, depen- 
dcncx: on the non ionic d&tergent Trtlof X-IOQ, heal Insciivatlon, and 
trypsin sensUiviiy. Standard assay mfUncs contain 5 mM MgOi. 
a05% Triton X-IOO. 5 mM DTT. 50 mM Tri«<X pH 7.4. and 1 X 
complete withoui EOTA. Trypsin tfea^menl of nSMase-oveiexpresft- 
ing cells was carried out for 5 mirf ai 37*C following pvotcaae 
inacttvation by the addition of cuUius Inadlum containing 10% FCS. 
(fi) Stimulallon of nSMase adWtly fay Mfaidoalc acM was caBenUatly 
carried out as described (16, 19). Mafly, Affertnt anounta of 
arachtdonic add were added directly 1^ tbc aaay mixture containing 
membrane c<tracu of mock-tranafecte^ wid nSMaaea overexprctsing 
HEK293 cells. Results represent mc^ values {tSD) derived from 
three indcpervdcnt measurements. 



its reliability appears questionable in the light of a recent study 
(30). Instead^ we used the radiolabcling tedintque as described . 
previously (31}^ tergmftcRri changes in the iphingomyelin (--^nMtt 
concentradonjescape^the sensitivlty.of the auay because of /- 
the high concentration of sphingomyeHn In plasma membrane. I ^ 

{it) Following the protocol of our previous study on the 
effect of TNF-a on aSMasc*dcficienl mouse fibroblasts (31) 
we studied (he kinetics of TNF-a-indttced NF-«cB activation in 
nSMasc'transfected U937 ceUs. Hie elcclrophorettc mobility 
shift analysis revealed kinetics identical with that of mock- 
transfecled celts (data not shown) making a role of nSMase in 
NF-kB activation in this cell type unlikely. 

{Hi) Ceramtdc generated by the nSMase has been proposed 
to trigger an anli-apoplolic pathway via a ceramide-activated 




Fjc. 5. Cellular response of nSMasc^crexprcssing U937 ceils 
chalkngcd wiU» TNF-a. {A) KineUcsof cenmtde release after TNF<i 
slimulalion of mcKk-transracle<] and nSMase-overexprcsnT^ U937 
oelU. Celts were stimuUicd wllfa 1 00 ng/ml human TN F-«i for the tmics 
indicated in Ihe Hgurc, and liplcb were extracted as described (12). 
Ceramtde (■). sphingomyelia (•). and phocphalfdyteihanotamlne <▲) 
were normalized to phcsphaildylcholine. (B) Kinetics of JNK2 acti- 
valion in mock-lransfe^ed (•) ind nSMase-overcxpressing U937 eells 
(•) after treatment with 100 ng/ml human TNF-«l 

protein kinase in response to TNF-a (32). This eventually leads 
to the activation of the exiracellular signaUrelated kinases. 
Significant ERKl activatkm could not be measured in mock- 
transfected or in nSMaieoverexpresstng U937 cells after 
stimulation with TNF'a (not shown). AdmtionaUy, no differ- 
ence in the activation of Jun kinase was observed in mock- 
transfected and rtSMase-transfected U937 cetb (Fig. 519). 

((V) Apoptosis in U937 cells transfected with oSMase was 
demonstrated by the determination of PARP cleavage (33). 
This method clearly indfcated that nSMase overexpressing 
\J937 cells and mock*lransfected U937 cells showed no dif- 
ference in the kinetics of the occurring FAR? cleavage after 
TNF-a/CHX stimulation, which was complete within 120 min 
F6 (Fig. 6). Treatment of the cells with TNF-ot alone led only to 
partial PARP cleavage, which remained incomplete for at least 
18 h. CHX alone had no effect (data not shown). Furthermore, 
overexpression of nSMase even in the highly effective HEK293 
cell system had no obvious effect on cell growth and morphol- 
ogy. 

DISCUSSION 

We report here the cloning and molecular characterization of 
ihe mouse and human aeutraf SMasc, a phosphodiesterase 
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Fig. 6. Kinetics of PARP dcuvQge •fler treatment of tnnsfccted 
U937 cells with 200 ng/mt human TNF-a and 10 fig/ml CHX. 




that belongs to a large family of Mg^*-dcpcndcnt phosphodi- 
esterases with neutral pH optimum. The mouse and human 
nSMascs arc 419 and 423 amino acid residues long, respec- 
livety. 1ft the hydropathy plot the primary structure reveals Iwo 
putative hydrophobic t ran;; membrane domains at the C- 
lerminal end by which the enzyme is bound as a bi topic protein 
to the plasma membrane, Tl»c membrane-bound nSMase 
ovcrcxpresscd in iransfccicd HEK293 cells is insensitive to ^ 
proteolytic enzymes. This suggests thai ^ftly-^ short loop of I — *< 
6-10 amino acid residues connecting the two transmembrane 
helices (boxed sequences in Fig. 1) at the outer cell surface is — 



with comparable intensities on iht mRNA level a high enzy- 
matic activity occurs only in brain. This suggests a posttran- 
scriptional regulation in the other organs, the mechanism of 
which has to be unraveled. 

Lysosomal acid (aSMasc) and plasma membrane-integrated 
Mg** -dependent nSMase have been suggested lo be the final 
target of several agonists (e.g.. TNF-a, interleuktn Ip, NGF, 
la,2S'dihydroxyvitamin D3,)afitf interferon- y) leading to com- W ^ 
plex cellular responses such as growth arrest, cell differentia- 
tion/and apoptosis. This implicates that ceramide, the reaction pi^r 
product of the SMase reaction, ts an important second mes- 
senger (33), 

The postulated aSMase activation by TNF receptor 1 or Fas 
with the release of ceramide as second messenger followed by 
NF-kB activation or the inductbn of apoptosis has been 
questioned (30» 31). Ceramide released by the induction of a 
plasma membrane-bound Mg^'*'*dcpendent nSMase has been 
postulated as intracellular signal for apoptosis. nSMase acti- 
vation has also been linked lo eittracellular signal-regulated 
£RK1 cascade and proinflammatory response (32), In contrast 
to these reports our nSMase-overexpreasing U937 cells release 
only moderately elevated concentrations of ceramide on 
TNF-a stimulation. We observed no activation of EfUCl. 

In summary we were not able to detect any biological effects 
influenced by the overexpres&ing of nSMase in contrast to the 
effects expected from studies applying bacterial nSMase or 
membrane-permeable ceramides. It cannot be excluded that 
some of the more dramatic effects in the former reports are 
because of the non physiological setup of the experiments. On 
the other hand, it cannot be ruled out that the mammalian 
nSMase gives rise to more pronounced effects in very specific 
cell types and/or requires particular activating factors in vivo 
that were not present in sufficient amounts in the experiments 
described here. This hypothesis is supported by the ot>servation 
that even HEK cells highly ovc rex pressing nSMase show no 




obviously altered rate of f phmgotnyclin hydrolysis compared 
with mock-transfecled cells probably because of an cffeclive 
inhibition (regulation) of the enzyme activity in the plasma 
membrane. By far the hlgj^oat enzymatic activity of nSMase of 
all tissues is measured ti the central nervous system. This 
selectivity ts not reflected the ubiquitous distribution of the 
nSMase message suggestiag a brain-specific activaLionnrocess 
of nSMase. The nerve gtowth factor receptor (p75'^^) be- 
longs to the TNF receptor family and regulates cell death of 
retinal neurons in ear^ (development (34). Later in develop- 
ment the binding of its ligand NGF to p75**^*^ selectively 
activates NF-icB (35) and ERKl and -2 (36). NF-kB activity is 
constitutively present in nticlei of neurons and inducililc in the 
cytoplasm and the synapse (for review see ref. 37). Deficiency 
of NGF leads to neuron^ death. Binding of NGF to plS*^^ 
activates SMase with (he release of ceramide (38, 39). Cer- 
amide produced by exogenously added bacterial SMase has 
been described to ovcrcoftie NGF deprivation (40). Tlte high 
specific activity of nSMaK in neuronal tissue might thus be 
essential for neuronal survival. 

TI1C major question to Identify and unravel the mechanisms 
of the activation of SMaaes involved in agonist-induced d^ 
L radation of sphingomyella remains to be answered. However. 
' tlic characterization of tlie molecular propcnics of nSMase 
described here will facilitate studies addressing these ques- 
tions, 

Tlie regulated activity of nSMase also might play an impor- 
tant role In maintaining the equilibrium between spiiingomy' 
elin and diolcsterol in the plasma membrane. Treatment of 
CHO-7 (Chinese hamster ovary) cells with bacterial SMasc led 
to the mobilization and ifitracellular accumulation of cholcs- 
tcrol followed by an inh|bllion of sterol regulatory element 
binding protein proteotysh and of transcription of sterol 
regulatory element-containing genes (41). The characteriza- 
tion of the molecular properties of nSMase described here will 
facilitate also studies addtressing the role of plasma membrane 
fluidity in signal transduction, which might be regulated by the 
stoichiometry of sphingonnyeUn and cholesterol. 

In addition, the molecvlftr characterization of nSMase will 
essentially contribute to our understanding of signaling path- 
ways mediated by sphina>lipid metabolites. A "loss of struc- 
ture and loss of function .mouse model wilt reveal insight into 
(he complex regulation of the enzymatic activity of nSMase in 
the plasma membrane aad its functions in cellular signaling 
pathways. 
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